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Clean Coal for the 21* Century:
What Will It Take?

The Sixth Clean Coal Technology Conference focused on the ability of clean

coal technologies (CCTs) to meet increasingly demanding environmental
requirements while simultaneously remaining competitive in both international
and domestic markets. Conference speakers assessed environmental, economic,
and technical issues and identified approaches that will help enable CCTs to be
deployed in an era of competing, interrelated demands for energy, economic
growth, and environmental protection. Recognition was given to the dynamic
changes that will result from increasing competition in electricity and fuel
markets and industry restructuring, both domestically and internationally.

Energy use, critical to economic growth, is growing quickly in many regions of
the world. Much of this increased demand can be met by coal with technologies
that achieve environmental goals while keeping the cost per unit of energy
competitive. Private sector experience and results from the CCT Demonstration
Program are providing information on economic, environmental, and market
issues that will enable conclusions to be drawn about the competitiveness of the
CCTs domestically and internationally.

The industry/government partnership, cemented over the past 11 years, is
focused on moving the technologies into the domestic and international
marketplace. The Sixth Clean Coal Technology Conference provided a forum to
discuss benchmark issnes and the role and need for these technologies in the next
millennium.
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ELECTRIC POWER IN LATIN AMERICA AND THE CARIBBEAN:

PROSPECTS FOR CLEAN COAL TECHNOLOGIES

I would first of all like to present apologies from the Executive Secretary of OLADE,
who was unable to attend the present event due to a meeting being held today in Quito,
Ecuador that brings together representatives from the various countries that are

members of OLADE’s Follow-up and Monitoning Committee.

The Executive Secretary, Mr. Luiz A. M. da Fonseca, would very much have liked to be
here with you today to impart his viewpoints on a topic that has top priority on our
energy agenda, that is, the development of clean coal technologies, especially for
electric power generation, and in a broader sense, the linkage between energy activities
and the environment, an issue which is certainly being taken quite seriously by the

international community.

I do not intend my presentation to reflect the opinion of an expert in clean coal
technologies. The majority of the present audience is better acquainted with this topic,
and therefore I will restrict myself to sharing with you some thoughts about the future
development of energy activities in Latin America and the Caribbean, if not during the
21% century as announced by the Conference, at least for its first decade, as well as
about the role that these technologies could play in this process. 1 would like to focus
on some of the basic orientations set forth by the Report of the Working Group to
Promote Clean Energy Technologies set up within the framework of the Hemispheric
Energy Symposium and headed by OLADE itself, which relied on the participation of

Argentina, Bolivia, Chile, Mexico, Venezuela, and the U.S. Department of Energy.



1 will also describe experiences that have shaped OLADE’s perception regarding the

topic we are considering today.

I would like to briefly highlight some figures to help us get a better picture of the
region’s current economic situation. Over the past year, the economy of Latin America
and the Caribbean achieved what, in the opinion of ECLAC, is its best performance in
the last quarter century. Indeed, the recovery observed since 1996 became even more
evident in 1997 when average growth rose to 5.3%, which compares favorably with the
rate of 3.2% recorded during the first half of the nineties and, even more so, with the so-

called “lost decade” of the eighties, which recorded a negligible growth of 0.9%.

The per capita GDP last year rose to 3.6%; and today it is 13% higher than it was at the
start of the decade. Eight countries in the area had an expansion of between 6 and 8%,
seven economies showed a growth rate of between 4 and 6%, whereas nine achieved

rates close to 3%.

Price performance has also been encouraging. For the fourth consecutive year,
consumer prices in 1997 displayed a downward trend, an average of 11%, which has
been the lowest rate in several decades. For the sake of comparison, suffice it to say
that the largest economies of the region, at the start of the decade, had rates over
1,000%, and even in 1993 the average for the region was 890%, after which a

noteworthy descent began for the ensuing three years: 338%, 26%, and 18%.



Although last year regional urban unemployment declined slightly, from 7.7% to 7.5%,
rates are still high compared to historical records. Mexico and Argentina have managed
to avoid the general trend, and their economic recovery has led to greater generation of
employment. As the economic crisis is being overcome, high inflation is being
curtailed, and the recessionary impacts of stabilization programs are declining, higher

real salaries are beginning to appear.

International trade of the region’s economies is recording greater impetus than the
economy as a whole, especially in terms of imports, which last year grew by 18% due to
recovery of domestic demand and real appreciation of national currencies, whereas

exports rose by 11%.

In 1997, LAC’s current account deficit rose from US$35 billion to US$60 billion,
accounting for 3% of the region’s GDP. This is the result of the high deficits of Brazil,

Argentina, and Mexico, as well as Venezuela’s lower surplus.

Finally, capital inflows have kept up a steady pace, although over the last quarter of
1997 this trend has slowed down, as a result of the financial turmoil in the majority of
Asian markets which has exerted its impact on the LAC region. A large share of
external financing involved direct investments, which amounted to US$44 billion, with
historical peaks in Brazil, Mexico, the Dominican Republic, and Venezuela. Direct
foreign investment accounted for more than 3% of GDP in seven economies of the

region.



Although it is certain that, for this year, forecasts are less optimistic partly due to
competition from Asian products which are now more competitive, it is clear that the
region as a whole has a sounder economic structure, which will better enable it to take

up the economic challenges of coming years.

What are the future challenges for the region of Latin America and the Caribbean?

Forecasting exercises being conducted in OLADE indicate that, during the period 1995-
2015, the average GDP growth rate will amount to about 4%. On the basis of this
scenario, the total demand for energy will grow, during this period, from 2,808 to 5,093
million barrels of oil equivalent, which means an annual average growth rate of 3.02%.
The highest rates will be recorded by natural gas (4.26%), electricity (3.6%), and oil and
derivates (3.17%). Over the same period, coal demand will grow at an average rate of
2.9%. It is therefore clear that total energy demand growing at rates that are lower than

those of the economy as a whole will lead to lower energy intensity.

Regarding the electric power sector, the LAC region will have to duplicate its power
generation capacity, from 164.4 GW in 1995 to 331.6 GW by the year 2015. Whereas
at the start of this period almost two thirds were accounted for by hydropower, by the
end of the period, this share will have declined to less than half (48.4%), giving way to
higher capacity from thermoelectric plants, especially those using natural gas, which
will grow from 33.1% to 49.9% between 1995 and 2015. Electricity consumption,
however, will grow over the same period from 666.8 TWh to 1,381.8 TWh, that is, an

annual average expansion rate of 2.91%.



The power generation capacity mix reflects an abundance of hydro resources in the
region. The favorable financial climate of the sixties and seventies was a decisive factor
for the notable development of hydropower installations. Although it is true that this
source of electric power has been viewed as an option for sustainable development, long
construction periods and the large amounts of financial resources required for their
construction are certainly elements that will contribute to reducing the role of
hydropower in the future for the Latin American region as a whole, despite the
relatively low tapping of hydro potential. The diversification of primary energy supply
and the reliability of power generation sources are issues being considered by the
region’s energy policymakers. A rise in private-sector capital for the development of
electric power infrastructure clearly fosters preference for smaller-scale projects that
have shorter capital recovery periods. In general, it can be asserted that the major
factors that will be determining the region’s electric power sector structure and

development are:

e Sector deregulation processes.

e Leading role of private-sector financing for developing additional capacity in the
electric power system.

e The need to ensure that this development will be compatible with environmental
preservation and improvement demands.

e The need for more open economies, such as the current economies of Latin America
and the Caribbean, to include competitiveness and energy supply security as crucial
elements for the decision making to develop additional capacity. This explains the

growing penetration of natural gas in many countries of the region and the



subordinate participation of other sources, such as coal, which will have to meet

more stringent environmental regulations and compete with other fuels.

For a proper understanding of the role that coal is to play as an input for power
generation in Latin America, it should be recalled that, compared with world figures for
both coal reserves and consumption, this energy product can only play a marginal role
in the region. A large part of the additional consumption of coal for power generation is

limited to plants whose construction has already been contracted.

Another obstacle to the further development of coal that should be considered is the
poorly developed transport infrastructure for coal and the additional investments that
would be required to enlarge and upgrade it. Supply security concerns could lead to the
recommendation that, for sector policy reasons, supply diversification should be
considered and opportunities provided for coal development, especially the use of

domestic coal.

Some examples could better illustrate the current situation of electric power sectors in
different countries of the region and the possibility of developing capacity on the basis
of coal use. In Mexico, natural gas is the preferred option, both for its lesser
environmental impact and lower generation costs. This is a well-defined position taken
by sector authorities, at least with respect to the additional capacity aimed at providing
public service. Nevertheless, if an approach aimed at ensuring greater diversification is
incorporated to avoid excessive dependence on hydrocarbons to generate electricity, one
alternative to the combined cycles that will be installed on the coast of the Gulf of

Mexico or the Pacific coast could be dual-fuel stations capable of burning imported
6



coal. There could be yet another approach that could prevail among external producers
whose power generation is not aimed at providing public service. For example, a large
private concern that owns coal mines in northern Mexico is already developing a coal-
fired electric power project, with a capacity of 180 MW, which would start up before

the year 2000.

In Colombia, it is clear that a decision has been taken to allow a broader participation of
coal as an energy source to increase power generation capacity over a time period that
extends to the year 2010. Despite this, it must be underscored that natural gas will
account for the largest energy source for electric power generation up to the year 2010,
Nevertheless, our impression is that, although complementary assessments are still
required, the use of coal-fired power generation provides clear economic and social
benefits since, according to ECOCARBON, “the use of an abundant, low-cost fuel like
coal that offers high levels of reliability and availability, ensures stability of electric
power production costs over the long term and contributes to a greater generation of

employment, compared to other thermoelectric generation options.”

As for Brazil, it can be said that the greater use of coal has been hampered by its high
ash content and the high associated transport costs. The coal-fired stations that are
considered viable, are those that use coal on the production site. The characteristics of
Brazil’s electric power system, which mostly tapped the huge hydropower potential of
the country, meant that, for practical reasons, a greater expansion of its thermoelectric
capacity was limited and that the latter was used for complementary purposes, involving
the better use of the energy available from hydropower stations. On the basis of

conclusions presented just last week in Rio de Janeiro, within the framework of the
7



project that OLADE is implementing with the Economic Commission for Latin
America and the Caribbean (ECLAC) and the German Technical Cooperation Agency
(GTZ), “the growing concern on the part of Brazilian society about environmental
impacts stemming from the energy sector is a new challenge for the coal sector, which
will have to incorporate new technologies into its facilities. As a result, the
development of a coal center in the region of Candiota, where the most economically
attractive deposits are located, seems to be the best course to adopt. This center would
help to maximize economies of scale, indispensable to ensure the competitiveness of the
coal production chain. Likewise, the location of Candiota at the crossroads of the large
interconnected markets of MERCOSUR will facilitate finding ways to explore the
optimal development of production facilities and the load curves of the countries that

are part of this market.”

Beyond these three cases, which illustrate, at least partally, the potential of coal in
electric power generation in the Latin American region, it should be recatled that, as
part of the tasks that were assigned to the Working Group on Clean Technologies in the
framework of the Hemispheric Energy Symposium, OLADE conducted a survey that
included a wide sampling of countries to learn about the criteria used to select clean
technologies. The results of this survey, as indicated in the above-mentioned Working

Group Report, are that:

e The majority of the countries believe that availability and cost of the resources are

fundamental decision making factors.



In those countries with extensive private-sector participation in power generation, it
is evident that these private players are in charge of taking the decisions to adopt
these technologies. In these cases, cost is the decisive factor in selecting the

technology.

Only half the responses included environmental impact as a decision-making

clement.

The widespread perception is that the barriers that have to be overcome to ensure
that clean technology options will be adopted are mainly economic, due to the need
to incorporate competitiveness and the financial risk associated to investment
recovery, as well as regulatory schemes with respect to tariffs, incentives for

investment, or operating constraints.

Summarizing, [ would say that, even when coal will not play a major role as a source

for electric generation in Latin America, there are still opportunities assuming that

projects are to be developed in specific coal producing regions or as a consequence of a

diversified policy trying to avoid an excessive depends on a single fuel as energy source

for electricity generation.



F_Ecmo(_on_ n

000
- 0071
00°¢
- 00°¢
- 00P

10



G10c

TYNYIHL W OHAAHE|

0L0¢ G00c 0002

(MD) ALIDVdVYD NOLLVYINIO
NV3gaidVvI JHL ANV VIOIRI3WY NILV1

G661

001

00¢

00¢€

" 00¥

11



G102 /661 9661 S661 661 €661 661 L66L 0661 686L-0861

|

A0EIBAY Of = = -

% W

- 00L-

000

00l

00¢

050~ __
060

00 €
00

00 G

0t G

009

—— SNOTIDAro¥d

g6

AHOLSTIH

ALV HLIMOYO TVNNNY
10NA0Ud JILSINOA SSOUD - NVIEEIRIVI FHL ANV VORIZWNVY NLLV]

12



1661

9661

G661 V661 €661 661 L66L 0661 6861-086)

(%) X3 ANI 2N ¥IWNSNOD
NY3ggiyVvD JHL ANV VIOIMIWY NILVYT

00
000l
0°00¢
0°00¢
0°00¥
0°009
0009
0°00.
0°008
0°006
0000}
00011
0'00ci

13



 suopwgsnm|

(&3
> > 3 R o S R
NS @0 o0 & Y RO R A & o 0
) & & oy & %o & ¢.sh/ & o @o«s oav;/ 0@0 e .n%v & o & %& S &
& @ F g P P E NS SRN Py ¢ e 9

00005

000001

00005t

000002

000052

__;.__ " ;, 88%
(SLHOdWI + SLHOdX3)

3avil Tv101 S.VORIFAV NILV']

14



PRESENT AND FUTURE CLEAN COAL TECHNOLOGIES
POSITION OF THE EUROPEAN UNION

Pedro de Sampaio Nunes

Director: Energy Technologies
Directorate General for Energy (DG XVII)
European Commission

Brussels, Belgium
ABSTRACT

Coal is the world's most abundant energy source, and can be used in a clean and cost
effective manner. Even though the percentage share of coal as a fuel for power generation
will decrease during the coming decades, this use of coal will still increase in absolute
terms and coal will maintain its important position in this sector. This fact underlines
strongly the need for clean and efficient coal technologies. This is especially true for
emerging and developing countries.

CCT'’s are needed firstly for new power plants and secondly because many old units will
reach the end of their designed life time in the near future. Cost effective technologies for
the retrofitting of such units are required, and it seems clear that the main market will not
be in Europe or the OECD but in countries outside the OECD. Most of the necessary
technologies are state of the art, but offering those technologies at low cost is still a big
challenge that should be complemented by significant parallel initiatives to introduce more
advanced ones.

The European Union is in a good position to offer all state of the art technologies for
conventional and advanced clean use of coal in power generation at competitive prices.
Furthermore, the development of more advanced generating technologies is well underway
and these will be available on the marketplace in the near future according to the last
developmental results.

The paper deals with market opportunities of state of the art and advanced clean coal
technologies and displays the recent state of RTD work on the related field in the European
Union (Following the conventions of the European Commission RTD includes
Demonstration and Dissemination).

15



I THE NEED OF CLEAN COAL TECHNOLOGIES

The world primary energy demand is expected to continue to grow steadily within the next decades, as it has
grown in the past. The reasons are the increasing world population and a growing energy demand per capita
world wide. It can not be expected that the energy demand per capita in the developed countries will decrease
significantly, compensating the growth of the emerging economies. This is reflected in all recent studies
concerning future energy demand and leads to conclusions about the development of energy demand as, e.g.,
in the 2020 Study of the European Commission (see Figure 1) and in similar publications from the IEA, WB,
WCI, WEC, etc., which display, in principle, the same trends.
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Figure 1 World Primary Energy Demand

The breakdown of the world primary energy demand by energy sources (see Figure 2) shows the share of
Solid Fuels (mainly coal but also wood, peat, etc.) remaining constant or slightly falling until the year 2020.
Also, the share of oil and gas is constant in that time period but seeing gas taking over significant shares from
oil. The remainder is provided by nuclear and renewable energy sources, including hydropower. Nuclear is
falling slightly. The renewable sources are slightly increasing, but not reaching a significant level of the total
energy demand. This is expected to be true also for the rest of the next century.

Correlating the relative share of energy sources with the primary energy demand, it becomes clear that even a
constant share leads to a significant increase in absolute values of the related source (see Figure 2). Looking,
for example, at the coal share, which will probably remain more or less constant during the period up to 2020
this would mean an increase from 2190 Mtoe in 1990 ta 3024 Mtoe in 2020, equivalent to about 38%.

Coal is available in abundance and at a low and stable price. Consequently, it is clear that coal is likely to
continue to be one of the dominant sources of energy for energy actors in the medium to long term. Therefore
one of the highest priorities in energy conservation and reduction of pollution will apply to coal-burning
activities and, in particular, to power generation in the future.
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Figure 2 World Primary Energy Demand by Fuel (Absolute values and rel. share)

Besides many other important uses, utilisation of coal is most significant in electricity generation, steel and
cement manufacture, and industrial process heating (Figure 3). More than half of total world coal production
currently provides some 40% of the world’s electricity. Many countries are heavily dependent on coal for
electricity, including in 1994: Poland (96%}, South Africa (90%), Denmark (82%), Australia (78%),

Greece (74%), China {70%), Germany (57%) and the USA (53%).
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Figure 3 Use of hard coal (1994, 3,527 Mt)

Neglecting nuclear and hydro power, Figure 4 shows the future share of fuels for thermal power generation
expected by the EC 2020 study.

As can be seen from the graph solid fuels will continue to provide the biggest share of fuel input for power
generation with a substantial increase in absolute numbers.
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Figure 4 Thermal Power Generation - Fuel Input (Absolute values and rel. share)

II. CLEAN COAL TECHNOLOGIES - ADVANCED PROCESSES AND
COMPONENTS

Coal can not achieve its prominence without the development of clean, efficient and cost-effective
technologies.

In the last two decades after the oil price crisis, several advanced power plant and solid fuel firing concepts
have been studied in respect of their application. Special emphasis has been placed on such technologies that
are expected to be capable of meeting the stepped-up requirements in terms of emission control and
efficiency. Special emphasis is also given today alse to the reduction in costs both investment costs
(ECU/KW, USD/kW) and generation costs (ECU/kWh, USD/kWh). There are in particular the foliowing
concepts that are deemed suitable to fulfil these criteria and are availabie for industrial application or are
expected to be available for industrial-scale demonstration in the foreseeable future or on a longer-term basis.

Advanced pulverised coal-fired boilers (PCF)
Atmospheric fluidised-bed combustion (AFBC)
Pressurised fluidised-bed combustion (PFBC)
Integrated gasification combined-cycle systems (IGCC)
Pressurised pulverised coal combustion (PPCC}
Integrated gasification fuel cell systems (IGFC)
Magnetohydrodynamic electricity generation {MHD).

These fundamental concepts include a great number of variants, which cannot be dealt with in detail here.
This refers, e.g., to different concepts of the fluidised-bed technology and a multitude of IGCC concepts. So,
in Europe various gasification processes (e.g. Shell, Prenflo, Lurgi-BGL, HTW) have been developed for
different fuels and applications. Now different configurations in respect of fuel utilisation, gasification agents
and integration of the gas turbine are being investigated for the combined-cycle processes (e.g. air blown
gasification cycle/topping cycle, integrated drying and gasification combined cycle/IDGCC, humidified air
turbine/HAT). In order to improve efficiency of the conventional steam cycle (Rankine cycle) applied in most
of the electricity generation processes, alternative cycles (e.g. Kalina cycle} are being investigated.
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There is a number of components and process steps that are of primary importance to the development of
advanced solid fuel-based clectricity or combined heat and power (CHP) generation systems, either because
they have multi-purpose applications in various advanced systems or because they are key components to
achieve a high efficiency target. These techniques are:

Drying processes for low rank-coals, biomass and recovered fuels

Co-utilisation of coal, biomass and recovered fuels

Low-cost combined heat and power generation (CHF)

Hot gas clean-up (HGCU) for solid fuel-based combined-cycle electricity generation
Gas turbine development for coal-derived fuel gas or flue gas

Advanced control systems.

Some of these processes, technologies and components are described and discussed in more detail later in this
paper.

III EU CLEAN COAL TECHNOLOGIES SUPPORT PROGRAMMES

The European Community has a long history of support for research, development and demonstration of
energy technologies and especially into the production and utilisation of solid fuels.

Figure 5 gives an overview of the energy related programmes of the European Community which are briefly
highlighted in the following paragraphs,

Until the early 1970’s the support was given almost entirely through the European Coal and Steel Community
(ECSC) treaty which commenced in 1952, The research programme on coal started in 1958 and is directed
principally towards supporting the production and utilisation of (hard) coal indigenous to Member States of
the Community.
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Figure 5§ Overview of Energy related Programmes of the European Union
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The topics covered by the ECSC coal research programme are sub-divided into mining engineering and
product upgrading,

Support for the coal research programime was traditionally about 50 MECU! (USD 58 M)per year but has
varied between 20-30 MECU (USD 23 M - 35 M) in recent years, Originally two-thirds of the available
funding went to projects concerned with mining/production however with the decreasing production of coal
in the EU about two-thirds of the funding is now applied to coal use and environmental aspects.

The oil crises in the '70’s led to the setting up of the EC Energy Demonstration Programme, implemented in
1978, within which was support for the demonstration of coal liquefaction and gasification technologies
{LG). This programme was widened in 1983 to include combustion (CS).

Over the pericd from 1978 to 1989, the EC made grants available totalling about 300 MECU (USD 348 M).
About 40 million (USD 46.5 M} went to support liguefaction projects, while about 70 million (USD 81 M)
was used to support combustion projects and about 150 million ECU (USD 174 M) was spent on coal
gasification and combined cycle projects, It is the work on the development of pressurised gasifiers that has
facilitated the further development of the latest "Clean Coal" gasification technology. Some 40 million
(USD 46.5 M) was spent on other aspects, e.g., on the demonstration of underground gasification and
environmental abatement technologies.

The Demonstration Programmes LG and CS were followed by the THERMIE Demonstration Programme.
The THERMIE programme, ran from 1990 to 1994 and was set up with a budget of 700 MECU

(USD 812 M), to be divided between work in three main areas: the rational use of energy (RUE), new and
renewable energies (RES) and fossil fuels (FF) which are subdivided into hydrocarbon exploration and
production (OG) and solid fuels (SF).

The aim of the THERMIE programme was the development and dissemnination of new technologies across all
energy sectors as an essential part of establishing a strong energy base in Europe to meet the new economic
and industrial demands provided by the unified internai market, offering today the chance to the European
energy industry to compete also on a globalised world market.

Activities in the field of combustion technologies and power generation are mainly covered by the SF sub-
sector. These activities within THERMIE are highlighted by projects like Puertollano (IGCC), Gardanne
{CFBC) or Point of Ayr (Coal Liquefaction).

As shown in Figure 5, in 1984, parallel to the demonstration of energy technologies the EC started within its
framework programmes or in separate actions to support also research and development of energy
technologies. One main programmie in the field of research and development was the so called JOULE
programme.

The JOULE (Joint Opportunities for Unconventional or Long-term Energy supply) programme was a specific
programme to support RTD work in the field of non-nuclear energies and the rational use of energy. Its
objectives covered the whole range of energy related technologies, i.e., rational use of energy, fossil fuels and
renewable energies.

b1 ECU = 1.16 USD (April 1998)
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Within the 4th framework programme, (see also Figure 5) all R&TD in the field of non-nuclear energy is
concentrated in only one specific programme. Because this programme brings together the former RTD
activity JOULE and the Demonstration activity THERMIE it is also calfed the JOULE-THERMIE
programme. About 1000 MECU (USD 1160 M) were made available under the non-nuclear energy budget
for the JOULE-THERMIE programme (for 4 years).

The objectives of JOULE-THERMIE are three-fold: to reduce the environmental impact of energy use, to
improve efficiency and to carry out research into renewable energy sources and fossil fuels.

Where appropriate, there may also be international, natienal or regional co-operation, e.g. in order to promote
energy technologies more efficiently.

Table 1 gives the approximate share of the non-nuclear energy programme across the different sectors

European programmes are on top of national programmes and industrial initiatives. The objectives of the EC
programmes come out of discussions with representatives of Member States and European industry and
therefore reflect very well the spectrum of technologies under development within the European Union,
Especially for the demonstration programmes, the conclusion can be drawn that subjects covered by related
projects give a good picture of the state of the art of technologies which are commercially available today, or
at least will be available in the immediate future. Taking into account what was said about today’s
technological requirements of emerging economies, it becomes clear that European industry can offer
commercially the whote range of technologies under discussion for these countries.

Table 1 Share of budget across the different sectors of the JOULE-THERMIE programme

Programme/Sector JOULE % | THERMIE % | Total %
RTD Demo
Mio. ECU g5 118 213
Rational Use of Energy (RUE) 12 15 27
USDM 110 137 247
Mio. ECU { 220 134 354
Renewable Energies (REN) 28 17 45
USDM 255 155 410
Fossil Fuels (FF) Mio. ECU 39 181 220
Solid Fuels 5 23 28
Hydrocarbons USDM 45 210 255
Mio. ECU | 354 433 787
Total 45 55 100
USD M 410 502 912

Nevertheless, European industry has to face the problem of the investment costs of such installations.
Advanced technologies, and even standard technologies at European (environmental} level are often rather
expensive. Considerable efforts are on the way to make European technologies cost attractive both in terms of
investment (ECU/W, USD/kW) and in terms of generation costs (ECU/kWh, USD/kWh).

Recently, preparation for the next (5th) Framework Programme which will become effective during 1998 are
under way. The programme is expected to consolidate research efforts, incorporate new topics and change the
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way in which R&D is organised. There is broad consensus between all that the next programme will contain
an energy chapter. It can be expected that the financial support for coal related actions will continue in the
same order of magnitude than in the recent programme.

IV STATUS OF EU CLEAN COAL TECHNOLOGIES

The increasing use made of solid fuels, which with regard to the rising world energy requirements is
inevitable, requires that the use of solid fuels shouid take place in an environmentally acceptable way so that
economy as a whole can grow in an environmentally sustainable manner. Commercially proven clean coal
technologies were developed in the 80s. The successful result of this innovation is today's availability of solid
fuel-based firing systems with negligible residual dust, SO, and NO, emissions. These plants comply with
even the most stringent national and European environmental requirements. In the Jast few decades, the
efficiency of solid fuel-fired power plants has been stepped up to such an extent that the feedstock input has
decreased from 0.550 tceZ/MWh to 0.290 tce/MWHh. In the future, less than 0.250 tce/MWh seems to become
achievable.

Since the mid-70s, the EU programmes THERMIE, JOULE and ECSC have triggered major initiatives and
rendered considerable assistance in respect of the development, demonstration and market introduction of
technologies for clean use of solid fuels. In the future, too, RTD & Demonstration is necessary to successfully
continue the developments, which have to focus on strengthening of the conversion processes'
competitiveness and the increase in efficiency, i.e. the reduction in CO, emissions; furthermore to further the
introduction of new processes into the market, Ultra-clean technologies are needed to reach the EU's CO,
mitigation goals. RTD has shown that these technologies are feasibie and can be developed in a relatively
short time.

The following figures show the status of the development of some conventional and advanced solid fuel
conversion technologies mentioned earlier in this paper.

2 tce: tonnes of coal equivalent (1 tce = 8.14 MWh = 29.3 MJ)
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Figure 6 State of the Art of Conventional and Advanced Solid Fuel Conversion Technologies.

Figure 6 gives the recent possible unit size for the different technologies. Additionally the status of
development is displayed. It can be seen out of the graph e.g. that PCF and AFBC are under commercial
operation whereas IGCC and PFBC are still more in the demonstration phase. The other technologies are in
an earlier stage of development and not yet ready for market introduction, Figure 6 displays additionally
some specific plants (IGFC is an development phase in the EU. No specific plant was buiit to date). Figure 7
gives an idea about recent and expected efficiencies of SF based Power Generation.

Table 2 presents a very simplified positioning of the different clean coal technologies - introduced before -
from research to market. Notes § to 1 correspond to the decreasing needs for efforts in the specific areas. [t
can be seen from this table that PCF is the technology which is most commercial followed by AFBC and
PFBC. The other technologies are thought to need more RTD work to become fully commercial,

23




1

T —

Advanced PCF % }\ ! ngmectationsj‘L

i 4 | |

‘ PFBC L ‘ ! i Il
r cil | q2015 f
o leee S !
O eee Ly e
j O , |
§ IGFC Lo ez |;
| 1
T

| 1
w 35%  40%  45%  50%  55%  60% |
| Net Efficiency |
‘ i
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Even so several of the technologies already reached an advanced state of development or are already in
commercial scale operation there is still a lot of RTD&D work to be done for all mentioned technologies.
Table 3 summarises the focal RTD & D points described according to their chronological development order:

Research <> Technical Development <» Demonstration.

At all stages of technology development, cost reduction, availability and reliability are primary targets with
very high priorities.

In view of the foreseeable market conditions the most important requirements to be met by advanced solid
fuel conversion technologies are:

¢ Competitive electricity generation costs
¢ Environmentally compatible and efficient processes for the use of solid fuels

In view of the increasing competition in the energy market, particular importance is being attributed to
industrial-scale demonstration of new processes since competitiveness is not determined by capital
expenditure alone; fuel consumption, plant availability and reliability - characteristic features that can only be
demonstrated by many years' plant operation - play an at least equivalent role. Only when the producers can
refer to reference plants, worldwide marketing potential will exist.

Table 2 Positioning of the technology from research to market.

Sector Technology Basic Applied Demonstration Commercial Wide

R&D R&D Replication

Advanced 1 3 4 5 5

PCF

AFBC 1 2 3 3 4

SF PFBC 2 3 3 4 5

IGCC 2 4 4 3 3
PPCC 5 3 R&D Phase R&D Phase R&D Phase
I1GFC 5 5 R&D Phase R&D Phase R&D Phase
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Table 3: RTD and Demonstration Requirements of Advanced Coal Conversion Technologies

Alkali-corrosion restricting
the use of feedstock with
high alkali or chlorine
content

Method for reducing N,O

¢ Predicting the effects of

feedstock properties on
design and operation to
achieve the proposed fuel

{e.g. topping combustor)

¢ Proper feedstock
preparation with respect
to excess moisture and
choice of sorbent to
prevent e.g. post-bed
combustion, plugging of
the fuel feed and bed
agglomeration

o Research Technical Development Demonstration -~
Ad- | ¢ Advanced materials ¢ Low-price emission Low-price emission
vanced | 4 Co-combustion of low- control control (SO, NO,)
PCF rank feedstock + Steam turbine for ultra- Large-scale
¢ Utilisation of solid supercritical steam cycle demonstration of
residues ¢ Drying technologies for supercritical steam cycles
high-moisture solid fuels Ultra-supercritical steam
{e.g. brown coal) cycle
Drying technologies for
high-moisture solid fuels
(e.g. brown coal)
Large-scale utilisation of
pre-dried solid fuels
AFBC | ¢ Advanced materials ¢ Advanced materials Improved erosion and
¢ Predicting performance testing corrosion behaviour
with respect to + Fuel feed and ash ¢ Fuel flexibility
agglomeration and handling for off-design Co-combustion of
deposition feestock to achieve the biomass and recovered
¢ Material wastage due to proposed fuel flexibility fuels on commercial scale
hard minerals in thebed | ¢ Optimisation of emission Large-scale applications
material control, operating (e.g. > 250 MWe up to
¢ Co-combustion of biomass |  Parameters and sorbent 500-600 MWe)
and recovered fuels feed . o Large-scale
+ Utilisation of solid ¢ Reducing N,O emissions demonstration of
residues + Supercritical steam cycles supercritical steam cycle
Ultra-supercritical steam
cycles
PFBC | ¢ Understanding combustion | ¢ HGCU Maintainability
chemistry (e.g. NOxand | y Circulating PFBC ¢ Circulating PFBC
sulphur capture}) concepts concepts
+ Advanced materials ¢ Second generation PFBC Long-term operation costs
+ Components for HGCU concepts ¢ Second generation PFBC

concepts
{e.g. topping combustor)

Commercial-scale HGCU
units

Advanced gas turbines
with higher inlet
temperatures

Fuel flexibility
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¢ Utilisation of solid

flexibility

residues

+ Efficient sorbent

utilisation to prevent high
amount of residues

Table 3: RTD and Demonstration Requirements of Advanced Coal Conversion Technologies {(cont)

[ Research Technical Development - Demonstration. -
IGCC Advanced materials for + Improved and simplified | ¢ Gasification processes
refractory lining and high plant design resulting into for different feedstock
temperature heat exchangers reduced capital exenditure incl. co-gasification of
Utilisation of solid residues and thus, reduced cost of low-rank feedstock,
electricity btomass and recovered
¢ Thermodynamic optimi- fuels
sation of the water-steam | ¢ Enhanged fuel
cycle preparation and solids
¢ Reduced start-up time handling (e.g. pre-
¢ Utilisation of solid drying of high-
residues moisture feedstock,
¢ HGCU with respect to dry shurry preparation)
dust removal and fuel gas | ¢ Commercial-scale
desulphurisation HGCU
¢ Enhanced fuel preparation | ¢ Advanced gas turbines
and solids handling for low- and medium-
¢+ Gasification processes for BTU fuel gas
different applications + Reduced start-up time
¢ Utilisation of solid
residues
PPCC Detailed understanding of + Sufficient removal of + After completion of
various mechanisms related to molten fly ash the technical
pressurised combustion (e.g. 4 On-line measurement development
chemistry, particle behaviour, devices detecting
mass and heat transfer) particulates and alkali
Retention of vapour phase species
alkali species ¢ Advanced high-
Material wastage (e.g. erosion temperature heat
and corrosion) of components exchangers
exposed to high-temperature # Feasibility studies
corrosive environment
Combustion, slagging and
corrosion behaviour of various
types of feedstock
Advanced high-temperature
heat exchan_ggs
IGFC Development of advanced 4+ Development of low-cost | ¢ After compietion of
materials (metals and ceramics) components and cost- the technical
in order to increase stack effective manufacturing development
lifetime and durability processes
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¢ Low-cost materials ¢ Thin layer technology
+ Stack design meeting internal | ¢ Reduced system

requirements like electrical complexity

contact and sealing and exter- | ¢ Pilot-scale test facilities
nal requirements like pressure under real gas conditions
and thermal expansion ¢ Feasibility studies

+ Thin layer technology

At present, only a few projects of ultra-clean coal technologies are under way. The main barriers are the high
risks and costs connected with industrial-scale demonstration, the increasing price competition in the energy
markets and the iong development periods for new technologies. European pre-competitive support
programmes can provide the industry with appreciable momentum and speed up the advanced technologies'
development by cost and risk sharing.

The development and demonstration activities for advanced solid fuel conversion will have to cover a broad
spectrum of technologies. The comparison shows that no single conversion technology performs best within
all valid criteria, as there are: Cost, maturity of technology, environmental requirements and thermal
efficiency at full load and partial loads, plant size, fuel flexibility, operative performance (e.g. during load
variation, at minimum load, simplicity of operation), availability, reliability, maintainability and construction
issues. In view of this variety of technological approaches it is concluded that financial incentives will be
needed to increase the uptake rate of advanced technologies by the industry.

More details about the different technologies and their RTD&D needs are given in the Annex.

Power generation represents one of the bigger shares within the total energy demand with especially in
emerging countries comparatively high rates of increase.

It is clear that the main market for new power plants and for retrofitting of old units will not be Europe or the
OECD countries but the emerging economies outside the OECD. In the order of time expected to become
effective these are the Asia-Pacific region (China, India etc.), Latin America and Africa.

The technolagy with the lowest electricity production costs to date is clearly the gas fired power station, This
is due to the relatively low investment costs by comparatively high fuel costs. However gas has the same
disadvantages as oil. The regional distribution of reserves is limited to few areas whereas coal reserves are
spread more widely over the world. Therefore it seems clear that emerging countries will often rely on coal as
an indigenous fuel instead of gas, even accepting slightly higher investment costs, but being able to use
domestic fuels, saving foreign exchange and giving employment to their own capital. This is especially true
for countries such as China and India which have reasonable reserves of coal, and which represent large
markets at an already advanced stage.

Sub-critical pulverised fuel (PF) plants are expected to be the preferred technology in the short term
perspective. For special purposes, fluidised bed combustion will also be taken into consideration in a few
cases, e.g., to burn difficult fuels. It is unlikely that technologies such as IGCC, or even super or ultrasuper-
critical plants will enter the market in the short term. Even though they provide higher environmental
performance, lower maturity of the technology combined with higher investment costs create a strong barrier.
Only single demonstration units can be expected for those technologies without immediate dissemination
potential.
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Even so, in the short term a major part of the market will be directed to more conventional technologies, the
expansion in coal production and use, combined with the need to meet efficiency and environmental
demands, is creating a substantial market for ‘clean coal technologies’ on the mid- and long-term perspective.
Basically these are technologies that enhance the efficiency and environmental acceptability of coal
extraction, preparation and use. They range from low NO, burners to complex hybrid combined cycle power
plant, and from new methods of mining coal to its use in advanced conventional power plant.

European Industry can provide all energy technologies requested by emerging economies without needing
further research and development. Mature technologies with an acceptable environmental standard are state
of the art. More advanced technologies which need further development and demonstration are not demanded
by those markets to date and will probably be in place early enough to meet the future demand of the
developing markets. The main question will be how to come into these markets. A major barrier can be
identified with the necessary investment costs. Here is a clear field for industry to make efforts to reduce costs
1o an acceptable level without compromising to much on the environmental options. In parallel to these
technological efforts financing models have to be developed to enable customers out of those countries to
afford advanced technologies with.

V  INTERNATIONAL CO-OPERATION

As mentioned above there is stilf a lot of RTD including demonstration work to be done for all conventional
and advanced solid fuel conversion technologies. To reach the very demanding goal of climate gas reduction
international co-operation and collaboration is absolutely necessary. In the framework of the OECD/IEA
some comnmon work and initiatives are already underway.

As markets become more competitive and government funding is decreasing, industry and governments are
devoting fewer resources to technology development. Under these conditions co-operation and collaboration
on technology research and development will prove beneficial to the parties involved as it will accelerate
energy technology development at a reduced cost.

The EU is ready to collaborate with other countries and especially with the USA and Japan, not only for the
smooth technology transfer of Clean Coal technologies to the emerging and developing countries but also to
collaborate in assisting these countries to create supporting infrastructures for advanced technologies in the
areas of operation, maintenance and management.

The more general level of co-operation within the [EA should be backed by bilateral co-operation e.g,
between related institutions and/or industrial organisations of USA and the EU. International Co-operation
including industry participation should be encouraged. The following action-list could be a basis for initiating
common actions.

1. Identify and define areas of common interest where collaboration seemms of advantage for all parties
{Adopticn of legal framework for co-operation, Public guaranties for investments, Workshops on different
levels (governmental or industrial} for defining commeon work-programmes)

2. Intensify collaboration on a personal level (e.g. to bring together technical and administrative managers

from different countries in order to identify areas of collaboration on technology development areas,
organised and financed jointly by different partners)
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(Business missions, site visits, visits of research and industrial installations, workshops, exchange of
technica] and administrative staff in both directions to increase the mutual understanding)

3. Concrete Projects
(Feasibility (market) studies, common (demonstration) projects, (e.g. combining technologies of different
partners for the sake of the customers and the environment), common research projects with intensive
exchange of staff and results, repowering projects

4. Dissemination activities
(Exhibitions, publication, training of scientific, technical and administrative staff, workshops)

An other aspect to intensify International Co-operation is that this can help to maintain a competitive market
and to avoid a competition of funding which at the end only benefits third parties.
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VII ANNEX 1: ADVANCED SOLID FUEL CONVERSION TECHNOLOGIES

Advanced pulverised coal-fired boilers (PCF)
Technology Deserinti

Pulverised Coal-Fired (PCF) boilers have been in use since the early 1900s and are currently the most widely
accepted technology (especially for cost reason) for large-scale coal-fired heat and electricity generation.

Most of the conventional PCF boiler systems currently in operation use subcritical pressure (< 221.2 bar)
steam cycles with superheated and single reheated steam. This results - depending on feedstock, steam
conditions, condensing pressure and plant size - in net thermal efficiencies in the range of 35 - 38 %.

A smaller number of units already operate with supcrcritica13 steam cycles (steam pressure some point above
221.2 bar, single reheat and main steamn and reheat steam temperature around 540 °C) which - together with
some other means of thermodynamic optimisation and an increase of plant capacity - rise the net efficiency to

up to 444 %,

Even higher efficiencies up to some 50 % can be obtained by further raising steam parameters to the so-called
Jultra-supercritical*® conditions (maximum steam pressure above 248 bar and maximum steam temperature
above 566 °C),

Today, concepts are underway to further improve the efficiency of PFC power plant technologies based on
high-moisture low-rank solid fuels (¢.g. brown coal) by applying external drying processes.

In addition to the thermodynamic improvements, optimised low-price primary or secondary emission control
technologies for SO, (e.g. less space requirements, regenerative sorbents) and NO, (e.g. furnace
modifications, LNB, fuel staging) have to be developed and realised in order to strengthen the near future
economic competitiveness of advanced PFC.

Development Needs

According to the above-mentioned targets advanced PFC systems require the following developments:

Advanced high-temperature corrosion and erosion resistant materials for ,,ultra-supercitical“ steam cycles
Advanced steam turbines for ,,ultra-supercitical” steam cycles

Commercial large-scale demonstration of supercritical steam cycles up to 1,000 MW,

Low-price primary or secondary emission control (e.g. SO,, NC,)

Supercritical and ultra-supercritical steam cycles are of general importance and could also be applied to
other advanced solid fuel-based conversion technologics mentioned in this chapter.

Denmark: hard coal-fired power plants - coastal sites with access to cold seawater
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Résumé

Advanced PFC units with high steam conditions (supercritical water-steam cycie) are available and will
demonstrate their technical and economic competitiveness in the near future. Further progress in respect of
Hultra-supercritical” steam conditions and thermodynamic optimisation are feasible. Depending on the RTD
results obtained for advanced materials, such developments could become available for demonstration and
probably for commercial application during the next decade.

Atmospheric fluidised-bed combustion (AFBC)
Technology Descripti

The atmospheric fluidised-bed combustion (AFBC) technology consists of forming a bed of finely sized ash,

limestone (for sulphur removal), and solid fuel particles in a furnace and forcing combustion air up through
the mixture, causing it to become suspended or fluidised.

The atmospheric ,,bubbling-bed“ AFBC technology (BFBC) has a defined height of bed material and operates
at or near attnospheric pressure in the furnace. In the mid-1970s, the atmospheric ,,circulating" fluidised-bed
combustion technology (CFBC) was developed. CFBC has particular advantages, e.g. with respect to heat
transfer, combustion efficiency and fuel feed.

AFBC can control gaseous emissions already during combustion by addition of limestone or dolomite (SO,)
and through low combustion temperatures and staged combustion (NO,). AFBC is a very suitable conversion
technology for a large variety of biomasses and recovered fuels.

AFBC units have commercially been available for about ten years, and there are some 550 units installed
world-wide. AFBC concepts with capacities of up to 200 to 400 MW, are considered to be a commercial
technology for utility and industrial applications. The 250 MW _ CFBC unit at the Provence Power Station,
Gardanne, France, was sponsored by EU’s THERMIE programme and is the largest unit in operation. CFBC
units of up to about 400 MW, are now being offered with full commercial guarantees.

Development Needs

In order to make the AFBC technology even more competitive, the following issues require further
development:

Fuel feed and ash handling for off-design feedstock to achieve the proposed fuel flexibility
Predicting performance with respect to agglomeration and deposition
Material wastage due to hard minerals in the bed material

Advanced materials (e.g. refractory materials)

Optimisation of emission control, operating parameters and sorbent feed
Reducing NO, and N,O emissions by low-price contro] devices
Utilisation of solid residues (bed material and fly ash)

Co-combustion of biomass and recovered fuels on a commercial scale
Improvement in design in order to reduce costs

Large-scale applications (e.g. > 250 MW_ up to 500 - 600 MW )
Supercritical and ultra-supercritical steam cycles
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Résumé

The AFBC technology is expected to continue to play an important role in the intermediate market -
especially for low-rank fuels - with capacity demands of up to 500 MW,. However, large-scale applications of
the AFBC technology have to demonstrated.

In the field of AFBC, further RTD and demonstration are necessary to make this technology less expensive
and more reliable. Other major RTD and demonstration topics will cover co-combustion of btomass and
recovered fuels, fuel flexibility, utilisation of solid residues, emissions and emission control resulting in an
increased availability and, thus, in more economic competitiveness.

In addition to short-term off-site rescarch, most of the individual research topics may well be investigated and
demonstrated using existing AFBC units. Improvements achieved may directly be incorporated into the next
generation of commercial-scale plants and thus be demonstrated within the next 5 to 10 years,

Pressurised fluidised-bed combustion (PFBC)
Technology Deseripti

A PFBC system operates a fluidised bed at an elevated pressure level. Because of the higher pressure, the
exhaust gases from PFBC have sufficient energy to drive a gas turbine while the steam generated in the in-
bed boiler tubes drives a steam turbine. This combined cycle configuration allows net efficiencies in excess of
40 to 45 %.

Similar to AFBC, PFBC can control gaseous emissions already during combustion by addition of limestone
or dolomite (gq,) and through low combustion temperatures and staged combustion (NO,}. Since high-
temperature particulate removal systems were not available for recent concepts, only cyclones have been used
for a coarse particulate removal upstream of the gas turbine so far. Thus, the gas turbine’s expander is
operated with dust loaden flue gas. An electrostatic precipitator or bag filter is required downstream of the
economiser to remove the remainder of the fly ash.

The development of PFBC has been underway since 1969. Today, the PFBC technology is in the early stages
of commercialisation. Five PFBC units of less than 80 MW, two in Sweden (Virtan), one in Spain
(Escatron), one in the United States (Tidd) and one in Japan (Wakamatsu) have been put into operation. The
Escatrén project was sponsored under the EUU THERMIE programme.

Similar to AFBC, bubbling fluidised bed {PBFBC) and cirulating fluidised bed (PCFBC) concepts are unter
development with several advantages for the PCFBC design (e.g. fuel distribution, heat exchange, staged
combustion).

This state-of-the-art can be regarded as the ,first generation” PFBC technology. The ,.second generation®
PFBC technology may utilise a topping combustor to increase the inlet temperature to the gas turbine. In this
case, a device for high-temperature high-pressure particulate removal (HGCU) has to be installed between the
fluidised-bed combustor and topping combustor to remove virtually all of the ash upstream of the topping
combustor. Due to the high gas turbine inlet temperature significant additional cycle efficiency can by
achieved resulting in a net thermal efficiency of some 50 %.

In terms of operational behaviour and primary emission control, circulating PFBC technology may have
advantages over bubbling PFBC technology.
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Development Needs

With respect to the first generation PFBC technology, the following issues still require further RTD and
demonstration:

Gas turbine operation in a ,,high-dust” corresive environment

Improvements in the overall reliability, availability and maintainability

Circulating PFBC concepts

Improved and simplified plant design resulting in reduced capital expenditure and thus, reduced cost of

electricity

s Predicting the effect of feedstock properties on design and operation to achieve the proposed fuel
flexibility

e Proper feedstock preparation with respect to excess moisture (e.g. slurry feed) and choice of sorbent to
prevent post-bed combustion, plugging of the fuel feed and ash removal, bed agglomeration and sintering

¢ Corrosion due to volatile alkali species restricting the use of feedstock with high alkali metal or high

chlorine content

Alkali control

Efficient sorbent utilisation to prevent a high amount of residues

Utilisation of solid residues and by-products

Method for reducing N,O emissions

Understanding of the comb